Supplementary Methods
DNA extraction for quantification of microbe abundance. DNA was extracted from homogenized abscesses using the following protocol, optimized to improve extraction efficiencies from diverse microbes. 100 µL of homogenized abscesses were centrifuged at 4 °C at max speed for 30 min and the supernatant was removed. The pellet was suspended in 250 µL 10 mM Tris, 1 mM EDTA, pH 8.0 in BeadBug tubes with 0.1 mm acid-washed silica glass beads (Sigma-Aldrich, St. Louis, MO, USA). The samples were mechanically lysed using 3 rounds of beadbeating for 1 min, with a 2 min incubation on ice between each iteration. Then, the samples were enzymatically lysed with 30 µL of 10 mg/mL freshly mixed lysozyme and 6 µL mutanolysin (25 kU/mL). In addition, 5 µL lyticase (2 mg/ml) was added for all samples containing fungi. Samples were incubated for 1 hour at 37 °C, 4 µL RNase A (10 mg/ml) was added, and then samples were incubated for an additional hour at 37 °C. 20 µL Proteinase K (20 mg/mL) and sodium dodecyl sulfate (SDS) to a final concentration of 3.33% were added, and samples were incubated again at 37 °C for 1 hour.
Finally, we heat killed the Proteinase K for 10 min at 95 °C.
DNA was isolated by adding equal volume phenol:choloform:isoamyl alcohol (25:24:1), pH 8.0.
Samples were vortexed for 1 min then spun for 10 min at max speed at room temperature in a microcentrifuge. The aqueous phase was removed and added to 0.1 volume of 3 M sodium acetate, pH 5.0 and 3 volumes of cold 100% ethanol. Samples were inverted to mix and stored at -20 °C overnight. Samples were pelleted using centrifugation for 30 min at 4 °C at maximum speed, and the supernatant was removed. Samples were washed once with 1 mL cold 75% ethanol, centrifuged for 10 min at 4 °C at maximum speed, and the supernatant was removed. Samples were resuspended in 100 µL molecular-grade, DNA-free water, and DNA concentrations were quantified using a NanoDrop 1000 (Thermo Scientific, Waltham, MA, USA). Positive and negative controls were included at all steps.
16S rRNA gene sequencing and sequence analysis for determination of microbe abundance.
The relative abundance of coinfection bacterial strains to Aggregatibacter actinomycetemcomitans was identified using amplicon sequencing with universal primers for the V4 region of the 16S rRNA gene (1). One amplification reaction consisted of 17 µL AccuPrime™ Pfx Supermix (Invitrogen, Carlsbad, CA, USA), 2 µL DNA, and 0.5 µM of each primer. Cycling conditions consisted of 95 °C for 2 min; 30 cycles of 95 °C for 20 s, 56.4 °C for 15 s, and 68 °C for 2 min; and 68 °C for 10 min.
DNA was quantified using agarose gels and ImageJ analyses because of multiple banding in the amplifications, pooled at equal ng of target amplicon, and size-selected using BluePippin (Sage Science, Beverly, MA, USA) with a window set from 332 bp to 432 bp. Samples with 10% PhiX were sequenced on the MiSeq system with 2 x 250 v2 chemistry (Illumina, San Diego, CA, USA) using custom sequencing primers (1).
Reads were demultiplexed using the MiSeq system and analyzed in mothur v1.40.3 (2) following a protocol adapted from Kozich et al.
(1). Specifically, we assembled contigs using make.contigs, screened for misassembled sequences or ambiguous bases using screen.seqs, and filtered for unique sequences using unique.seqs. Sequences were aligned to the V4 region of the Silva database v132, screened for correct alignment and a maximum number of 8 homopolymers, and filtered to uniquely cover the V4 region using align.seqs and screen.seqs, and filter.seqs. Chimeras were removed using the chimera.vsearch command. Sequences were classified to Trainset16 and archaea were removed as there were no archaea in our experimental samples. Sequences were clustered at 0.03 distance using dist.seqs and cluster commands, and the number of sequences in each cluster and its taxonomy were determined using make.shared and classify.otu commands.
Read counts for each operational taxonomic unit (OTUs) were manually corrected for 16S rRNA gene copy number (Dataset S1). For OTUs spanning multiple species, the median copy number was used. We removed any OTUs that constituted < 0.1% of any sample and removed OTUs within samples that constituted < 0.1%. 16S rRNA gene copy number-corrected read counts were normalized to A. actinomycetemcomitans abundance from the qPCR to calculate genome copies/abscess for each coinfection bacterium.
ACT75_RS08345 mutant construction and essentiality confirmation. DNA was extracted from a homologous transposon mutant in the A. actinomycetemcomitans VT1169 mutant library (VT1169_1514, Plate-29 Well-F6) following the protocol above (3). This DNA was transformed into A. actinomycetemcomitans 624 following previously published protocols (4, 5) . Briefly, lawns of A.
actinomycetemcomitans 624 were grown on tryptic soy agar + 0.5% yeast extract (TSAYE) + 5% heat-inactivated horse serum overnight in 5% CO2, collected, and resuspended into tryptic soy broth + 0.5% yeast extract. Twenty microliters of this cell suspension were spotted four times onto TSAYE + 5% heat-inactivated horse serum + 1 mM cyclic adenosine monophosphate, incubated anaerobically for 2 hours, then overlaid with 6.5 µg of the A. actinomycetemcomitans VT1169 mutant genomic DNA. Spots were incubated overnight anaerobically, and transformants were selected using TSAYE with 40 µg/mL kanamycin. Transformants were confirmed using PCR.
Abscesses were initiated in 8-10 week old female Swiss-Webster mice as above using either 100 µL of 50% wild-type A. actinomycetemcomitans 624/50% ACT75_RS08345::TnMariner Fig. 1 . Data points for coinfection with oral microbes are shown as orange triangles, and data points for coinfection with nonoral microbes are shown as blue squares. Linear regression best-fit lines are shown with corresponding goodness of fit metric and adjusted P value, calculated using the Benjamini-Hochberg correction. B. cenocepacia is an outlier as determined by the ROUT method (6) and was not included in the linear regression for the lipid transport and metabolism analysis and the secondary metabolite biosynthesis, transport, and catabolism analysis. Fig. S3 . Proportion of genes identified as essential, binned by gene size. Binning was performed for the input, monoinfection, and each coinfection condition. The 0-100 bp bin and 101-200 bp bin have high variability in the proportion of genes identified as essential across conditions, as indicated by the high standard deviation (black line) at these small gene sizes. For genes >200 bp, the proportion of genes identified as essential is similar across conditions, with a conserved peak in the proportion of essential genes in the 1201-1400 bp bin. Fig. S4 . Competition of A. actinomycetemcomitans wild-type and ACT75_RS08345::TnMariner in monoinfection and in coinfection with Actinomyces oris in the murine abscess. In the Tn-seq analysis, this gene was not essential in monoinfection but became essential in coinfection with A. oris. Mann-Whitney U test, P = 0.014. Fig. S5 . Comparison of essentiality between A. actinomycetemcomitans VT1169 and 624 in monoinfection. Analysis was restricted to the 1697 orthologs between the two strains (3) . Genes essential in vitro were included in this analysis. Genes are annotated as essential in both strains (purple), one strain (yellow and green), or neither strain (black). The number of genes in each category is indicated on the graph. The association between monoinfection essential genes in A. actinomycetemcomitans VT1169 and 624 is strongly significant (2-tailed Fisher's exact test, P < 0.0001).
Fig. S6
. Relationship between in vivo essential gene count and coinfection microbe genome metrics. Data points for coinfection with oral microbes are shown as orange triangles, and data points for coinfection with nonoral microbes are shown as blue squares. Linear regression best-fit lines are shown with corresponding goodness of fit metric and adjusted P value, calculated using the Benjamini-Hochberg correction.
Fig. S7
. Accumulation of unique A. actinomycetemcomitans essential genes as the number of coinfection species increases using Kindt's exact accumulator method (7) . The geneaccumulation model curve was calculated using the Lomolino function, y = asymptote/(1+slope log(xmid/x) ), where xmid is the number of coinfection conditions where half the maximum number of essential genes is reached, and the best fit line and equation are shown.
The shaded area shows the 95% confidence interval. PCoA was built on a binary Jaccard distance matrix between conditions. The size of each bubble corresponds to the number of accessory essential genes in that condition (monoinfection or coinfection with the indicated microbe). B. Relationship between PCoA axis 1 and the number of accessory essential genes in each condition.
